PACT's nine steps. The Applications of PACT section reports on two applications of PACT. Strengths and weaknesses of PACT are discussed in the Observations: Strengths and Weaknesses section. The Conclusions section presents concluding observations.
PURPOSE OF THE METHODOLOGY
The general purpose of PACT is to provide a structured approach based on established methods from the behavioral sciences that have been used to design products to effectively and efficiently develop descriptions of products in dynamic industries. The methodology draws on the up-to-date knowledge of informants about products in these industries to create the product descriptions. The methodology can be applied in many settings.
As noted above, PACT was specifically developed to assist BLS. Among many responsibilities, BLS is responsible for producing the Consumer Price Index (CPI), the Producer Price Index, and the International Price Program. To produce the CPI, field representatives collect prices for specific products at thousands of locations on a monthly basis. For example, a field representative may visit a certain store to price a specific item, such as a woman's dress. The field representative will visit the same store the following month to price the same dress. If the same dress is still for sale in the store, then the price for that item will be included in that month's CPI. If the dress is gone, the field representative will compare the old dress to the new dress that took its place. If the new dress is substantially similar (i.e., comparable) to the previous dress, then the price for that item will be included in the CPI calculation. If the new dress is substantially different, then that item must be dropped from that month's CPI calculation.
To make the comparability decision, field representatives use product checklists. The checklists are composed of hierarchical lists of attributes that describe the product. If the new product differs from the old product along a major attribute, then the products are not comparable. For more information about price indices, checklists, and the like, see Armknecht and Weyback (1989) and Conrad et al. (1993) .
At BLS, commodity analysts (CAs) are responsible for developing the checklists for entry-level items such as women's dresses. They use a very labor-intensive and time-consuming process of reviewing producer-supplied product descriptions and trade publications to learn about the products and their attributes. After much consideration and effort, draft checklists are developed, reviewed, tested, and revised before final checklists are given to Tonn, Conrad / USING INFORMANTS' JUDGMENTS 203 the field representatives and those products are included in the price index. In an economy characterized by a set of stable products, this process is satisfactory. Once a checklist is created, say, for products such as apples or bread, then there will be only an occasional need to revisit the checklist to consider revisions. However, in an economy characterized by blizzards of new and enhanced products and services and blending of products and services, existing checklists quickly become outdated, and checklists for new products are constantly needed. Indeed, a recent National Research Council report supports the point that dynamic products are hard to price and that some new method is required (Schultze and Mackie 2002) . The standard product characterization process appears to take too much time and require more CA resources than are available. The CAs need a quicker method to collect and organize information about new and dynamic products into checklists. PACT is designed to enlist the support of knowledgeable informants external to BLS to help CAs more quickly collect and organize product information to produce checklists. PACT can also provide CAs with a rich snapshot of dynamically changing products, something that CAs cannot do effectively.
Although PACT was specifically developed for BLS, it can be used in other contexts and for other purposes. PACT can be used by market researchers interested in better understanding how consumers group new products into categories, what attributes distinguish products within new product categories, and product positioning studies. Indeed, two of PACT's methods, multidimensional scaling (MDS) and attribute listing, have been applied by market researchers (e.g., DeSarbo and Hoffman 1987; Adams and Van Auken 1995) , although PACT uses these methods in a different manner. PACT can be used by social scientists to explore how different groups of people or people from different cultures group objects of any sort and what attributes distinguish the objects. Analysis of object attributes could possibly provide insights into patterns of knowledge about objects among different types of people.
DESCRIPTION OF THE METHODOLOGY
To facilitate the use of PACT, its procedures and statistical methods are simple and straightforward. PACT entails the following nine steps:
Step 1: Define a context for applying PACT. With respect to BLS, a context represents an industry or product area that needs product checklist development. Particularly dynamic product areas include information technology, biotechnology, and medical services. Market researchers and social scientists would focus on different contexts. The remaining steps will be described with the BLS context in mind.
Step 2: Develop a sampling frame of informants. PACT requires inputs from informants to accomplish three product description tasks, which are described under steps 4, 6, and 8. These tasks require different types of expertise, from a general knowledge of the names and/or types of products in the chosen industry or product area (steps 4 and 6) to specific knowledge about product attributes (step 8). Informants can be producers or users of the product or service. Informants do not have to be "extreme" or "leading-edge" users of the product (Von Hippel 1986).
Step 3: Recruit informants to participate in the three product description tasks. Between twenty and forty informants are needed. Potential informants can be contacted by phone, mail, or e-mail or in person, for example, at professional meetings.
Step 4: Prepare and send to the informants the listing task. The purpose of this task is to develop a list of products (or objects for other contexts) about which product attributes will be ultimately elicited from the informants. Each informant is asked to provide the following information for as many products as he or she wishes: product name, what company produces the product, and how familiar the informant is with the listed product (e.g., on a ten-point scale). Products with low familiarity to the informants may be culled during a process described in step 5. Product names can be specific (e.g., Microsoft Word) or general (e.g., modems). The more circumscribed the area of study, the more likely that the informants will provide specific names of products. Because it is useful for informants to work with the list as it is developed, informants should be provided forms to fill out. The forms can be mailed, faxed, e-mailed, or provided on a Web site.
Step 5: Develop a core list of products (or objects). The goal of this step is to take all the products provided by the informants in step 4 and produce a concise and manageable core list of products. There is no natural limit to the size of the core list. The remaining steps can be accomplished with tens to hundreds of products. However, the next step requires informants to group similar products. Too many products may lead some informants to refuse to complete the task. Too few products could decrease the comprehensiveness of the core list. We found that a core list of one hundred products is a reasonable compromise. To develop the core list, all duplicates should be dropped.
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Similar versions of specific products should be represented by only one version. If the core list is still longer than desired at this point, it is suggested that those products that have higher familiarity ratings should retained until the target number (e.g., one hundred) is reached. Higher familiarity with the products will help ensure that the second and third informant tasks are completed well.
Step 6: Prepare and send to the informants the product grouping task. The purpose of this task is to elicit from the informants what products (or objects) fall into similar product categories. Each informant is presented with the core list of products. Then, the informant is asked to place similar products into groups. The informant is free to create as many groups as is necessary. There are no limits to how many products can be in each group, except that each group needs to have at least one product. This task elicits from each informant his or her mental model of how the products in the study area relate to each other. Product grouping forms can be provided to informants using the methods mentioned in step 4.
Step 7: Conduct MDS and cluster analysis. The goals of this step are to identify the underlying product features that guided informants' grouping of the core list of products and to find a reasonable number of aggregated product groups for step 8. MDS is used to achieve the first goal and cluster analysis to achieve the second.
Let's assume that the core list contains 100 products. To prepare the data generated during step 6, each informant's product grouping must be coded into a 100 × 100 similarity matrix. Each row and column represents 1 of the 100 products. Ones are placed in each cell of the similarity matrix for each pair of products that the informant indicated were in the same group. Zeros are placed in each cell of the similarity matrix for each pair of products that the informant indicated were in different groups. The diagonal of this similarity matrix running from the upper left to the lower right will contain only 1s because each product will at least be in its own group.
Next, the matrices are aggregated into one matrix. The number in each cell in the aggregated matrix is the sum of the values for that cell in all the informants' matrices divided by the number of informants. Then, these data are submitted to an MDS procedure (e.g., Kruskal and Wish 1977) . This procedure produces scale scores for each product in several dimensions, locating it in a multilinear space. It is recommended that at least three dimensions be plotted (typically by plotting product names for two dimensions at a time) and interpreted, where each dimension should identify an underlying feature of the core products. Beyond three dimensions, the results usually become very difficult to interpret. However, it is important to find the dimensionality that best fits the data. Sometimes it is necessary to specify four or more dimensions to do this. Sturrock and Rocha (2000) provided very useful guidance on how to strike a balance between obtaining a good fit between the solution and the data (i.e., reducing stress) while minimizing the number of dimensions.
The MDS scores for each product need to be saved into a new data file. This file will have one hundred records, and each record will have at least four variables, a product identifier, and variables representing the MDS scores. Next, a cluster analysis is run with this data file. The resulting clusters represent an aggregated grouping of the products. It is recommended that different numbers of clusters be explored to find the number of clusters that balances statistical precision and commonsense grouping of products.
MDS and cluster analysis are well-established quantitative methods and are frequently used in conjunction with one another (Angst, Scharfetter, and Stassen 1983; Poole and Holmes 1995; Cousins and MacDonald 1998; Andrews and Manrai 1999; Catalano 1999; Ludlow 1999; Bigne et al. 2002) . In many studies, the aggregated similarity matrix is submitted directly for cluster analysis instead of the MDS scores. Since the underlying data are the same, the cluster analysis results will be essentially the same whether one submits the MDS scores for cluster analysis or the similarity matrix to the cluster analysis routine. In the example PACT applications presented later in the article, we chose to submit the MDS scores because the approach gives users the opportunity to interpret the clusters based on the mean MDS scores for products that cluster together. Sireci and Geisinger (1992, 1995) also found this approach to using MDS and cluster analysis to be effective.
Step 8: Prepare and send to the informants the comparison task. The purpose of this task is to elicit distinguishing characteristics of products that fall into the same cluster. For all possible pairs of products in a cluster, each informant is asked to provide answers to open-ended questions about how a pair of products is similar and dissimilar to one another. This task can be viewed as a variant of repertory grid analysis (e.g., Beail 1985) . For example, in comparing two spreadsheet products, the informant may state that the two products are both user friendly but that one may require more disk space for installation than the other. In this way, a comprehensive list of product characteristics results from this task for every cluster of products identified in step 7.
If specific product names are not available but only general product labels are available, each informant can be asked to list two specific products that fall into that cluster and then answer the questions. Also, our experience is that different informants will have different familiarity with different prod- uct clusters and specific products within clusters. Informants should be asked to complete this task only for those clusters they feel comfortable tackling. If necessary, it is permissible to recruit new informants specifically for this task.
Step 9: Prepare attribute lists. In this step, the results of step 8 are used to construct draft product checklists. All product characteristics elicited from a specific cluster are reviewed. Duplicate characteristics are dropped. Characteristics that are very similar to each other are synthesized. For each remaining product characterization, a range of values is specified. The values may be of any scale (e.g., ordinal, integer). Even with only a small number of informants participating in step 8, this method can result in a rich set of descriptors for many potentially new or revised product categories.
APPLICATIONS OF PACT
PACT has been tested two times for BLS. The first context was PC software, the second telecommunications products. See Conrad (1995, 1999) for complete discussions of these applications. The following sections present a detailed description of the PC software application and a summary of the telecommunications application.
PC Software Application of PACT
PC software was an excellent first application for PACT because this is a very dynamic product area. In addition, this product area is fairly circumscribed, pertaining only to software products that run on PCs. The sampling frame for this project consisted of three sources: members of the Social Science Computing Association, statisticians and social scientists at BLS, and professional staff at Oak Ridge National Laboratory. Thirty-eight people agreed to participate in this project. The majority of the informants were contacted by e-mail. One or two did not have access to e-mail; in these cases, communication was done by fax. E-mail proved to be very convenient and effective for this group of informants.
For the listing task, each informant was sent a form with twenty-five blank lines. The informants were asked to supply the names of PC software products, the names of the vendors selling the products, and an indication of how familiar the informant was with each product, on a scale of one to ten. More than two hundred PC software product names were gathered from thirtythree informants. Dropping products that scored low on the familiarity scale 208 FIELD METHODS reduced this list to one hundred PC software products, including commercial software packages such as Lotus 1-2-3 and PowerPoint, freeware such as Kermit, and programming languages such as C and FORTRAN. In every case, trade names of specific products were provided rather than general categories of PC software products.
Twenty-nine informants completed the grouping task. Those receiving e-mail were offered the choice of providing group numbers next to each product or using their text editor to move the product names around and finally into groups. The informants used both approaches. Informants who used paper and pencil listed group names and numbers on blank lines at the top of the paper and then wrote the group numbers next to each product listed below. Twenty-nine matrices were constructed using the grouping data from step 7. MDS was conducted over the aggregated matrix. The stress score for a three-dimensional solution was .306. According to Sturrock and Rocha (2000) , given this stress score and one hundred objects included in the MDS analysis, there is approximately only a 1% chance that there is no structure in the data. So the three-dimensional solution is satisfactory in this case. For illustration, Figure 1 presents a plot of a subset of the one hundred products over the first two of three dimensions used in the analysis. Using plots like this, the following three dimensions were observed:
Generality. This dimension ranges from products that have very specifically defined uses (e.g., Random House Unabridged Dictionary) to products that provide very general capabilities (e.g., Fortran, Unix). The statistical, multimedia, and graphics software products fell into the middle of this scale.
Newness/novelty. This dimension captures the new value a product adds to a work context by increasing a worker's productivity. Newer products and those that were only then becoming widely used are hypothesized to add more value, relatively speaking, than older, more established products that had been available for PCs for many years. Thus, products that added considerable value included graphics and communications products (e.g., Corel Draw, America Online, Mosaic). Those products that added relatively less value include database, spreadsheet, and word-processing products (e.g., Lotus 1-2-3, Paradox, WordPerfect). Statistical packages fell into the middle of this scale presumably because they were relatively recent arrivals to the PC environment in the mid-1990s when these data were collected.
Data type. This dimension pertains to the type of data that the software products operate on. Within this interpretation, the scale ranges from prod-
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ucts that require highly quantitative data (e.g., Minitab) to ones that require graphical and symbolic data (e.g., Multimedia Toolbook).
The one hundred PC software products, described by their three MDS scale scores, were then submitted to a cluster analysis routine. Seventeen clusters fit the data most reasonably. Here are examples of three clusters that we identified with communications packages, programming languages, and database tools: For seven of the clusters, each informant was presented with three or four products taken two at a time to compare and contrast. For example, with respect to cluster 12, informants were given pairs of the following products: SAS, Systat, Statistica, and SPSS. For each pair of these products, the informants were asked to provide a written list of similarities and dissimilarities. A total of seventeen informants participated in this product comparison task. Not all participants provided data for all seven clusters or for all product pairs within clusters. This is because some respondents felt they were not as knowledgeable about the products as necessary to complete the task. On the high end, fourteen informants provided data for the word-processing cluster. On the low end, six informants provided data for the graphics packages cluster.
The results of the product comparison task were synthesized into product descriptions for each cluster of products (i.e., the beginnings of checklists, given our BLS application context). Synthesizing the written descriptions provided by the informants was very straightforward. The resulting product descriptions also appeared comprehensive. The protochecklist result for one cluster (7) is found in Table 1 . Without much additional work, the checklist could be used by BLS field representatives.
Telecommunications Industry Application of PACT
PACT was tested a second time, collecting information about telecommunications products. This is also a dynamic industry, but it is much more broadly defined than PC software. We were interested in how well PACT would work in this broader context.
Technically, this application encompassed exactly the same steps and methods as in the PC software test and yielded the same results: hundreds of products, interpretable MDS and cluster analysis results, and enough information to develop draft checklists. There was only one exception. Informants in this case provided generic names of product categories instead of specific product brand names as in application 1. Because of this, informants were asked in the product comparison application to provide the names of two specifically identified products that they were comparing and contrasting.
The largest difference in the two tests was in recruiting informants. It was not difficult to identify potential informants in the telecommunication indus-
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try; it was difficult to convince potential informants to participate in the project. Two convenient sources of people knowledgeable about our project area were a Defense Department panel of telecommunications experts and experts in the Oak Ridge area. Unlike in the PC software case, we were unable to secure quickly the participation of a sufficient number of informants. Not GUI based NOTE: GUI = graphical user interface. Products in this cluster were KnowledgePro, As-EasyAs, Lotus 1-2-3 for DOS, Lotus 1-2-3 for Windows, Lotus Improv, Microsoft Excel, and Quattro-Pro.
FIELD METHODS
Three other informant recruitment approaches were implemented. First, project team members visited several telecommunications firms in Knoxville, Tennessee, in person to recruit informants. Second, to recruit participants in person, we attended the 1997 COMNET conference in Washington, D.C., which draws several thousand telecommunications experts. The third approach, which was the most successful, was to develop a mailing list of potential informants from the COMNET conference participants list and business cards picked up in the exhibition area. Primary, secondary, and tertiary follow-up letters to one hundred potential participants eventually resulted in sufficient participation to complete this test of PACT.
OBSERVATIONS: STRENGTHS AND WEAKNESSES
The PACT methodology appears to be sound technically. It performed well (i.e., led to plausible product attribute lists) both in the circumscribed context of PC software and in the broader telecommunications industry context. The informants who participated in the two tests and various tasks were able to complete two of the three tasks without trouble. The product listing and grouping tasks were easy. Some respondents felt some anxiety about participating in the third task, believing that they did not possess the requisite expertise. It was not difficult to cull lists of hundreds of products to one hundred, conduct the MDS and cluster analyses and interpret the results, and synthesize and distill the product comparison data into draft checklists. All told, time required from the informants and by the analysts to complete their tasks was not great.
A potential weakness of PACT is the calendar time needed to complete its nine steps. PACT will not be of value to an agency such as BLS if it takes too much time to implement. The PC software test required only a few months, which could have been shortened because time was needed to create the forms and instructions and work out the statistical and data administration processes. However, the telecommunications test required close to a year, with most of that time spent in search of willing informants. It could be that the telecommunications industry is an outlier with respect to cooperation. After the project was completed, it became known to the project team that interacting with people in the telecommunications industry was notoriously difficult because of the competitiveness of the industry; no one wishes to give any valuable business information to anyone, not even to the government under promises of confidentiality. Still, recruitment of informants requires careful planning and persistence, but the barriers are surmountable. It appears that working through professional organizations and/or professional conference organizers to build sampling frames is a viable approach.
Another concern with respect to implementing PACT is the third task for the informants. Many found this task the most difficult of their assignments. The problem is that many felt that they did not have the expertise to provide adequate similarity and dissimilarity information about a full range of products. With respect to the PC software study, it was apparent that software users may know one product well in a particular category (e.g., spreadsheets), or maybe two (e.g., word processors), but rarely more than that. With respect to the telecommunications study, producers of technology may know their products well but may lack knowledge about competing products. Thus, at this step in the PACT process, it may be necessary to recruit additional informants who have specific knowledge of the products for which similarity and dissimilarity information is needed. To balance out this problem, it is clear that a serviceable draft checklist can be developed with as few as four to ten informants providing similarity and dissimilarity information for a particular cluster of products. Also, a strength of PACT is that it does not demand that the informants be the same in each step of the process.
The results of these two projects were presented to a group of CAs and others at BLS to gather more insights into PACT's strengths and weaknesses. The consensus opinion of this group was that pricing dynamic products in fast-paced industries is a major problem and that the PACT has promise for helping BLS to confront this problem Conrad 1995, 1999) . More research is needed to determine PACT's costs, although at first blush, the time requirements on the CAs to use the method did not appear to be too onerous. In fact, PACT may take less time than the CAs' current practice in which the checklists are handcrafted based on extensive research by the CAs. The group indicated that PACT could inject more objectivity into the checklist development process (currently, two different analysts would probably produce two different checklists for the same product area) and help to standardize BLS procedures to produce the checklists. The group was concerned about finding qualified informants willing to accommodate more openended questions. Several indicated their willingness to participate further in applications of PACT.
For PACT to be most effective for agencies such as BLS and possibly for market researchers, its implementation time needs to be reduced considerably. We have two recommendations for future uses of PACT. One approach would be to place all forms on a Web site, with data provided by informants being automatically input into a database for assessment. Using e-mail addresses for a large number of informants, possibly obtainable from profes-sional associations, researchers could ask potential informants to click on the Web site link to learn more about the project and participate in each task. These people would also be encouraged to forward the e-mail to other potential informants. If short response times are given to the potential informants, maybe one week for each task, the entire effort could take about one month.
In the second approach, the same software could be used, but instead of communicating with informants via e-mail, the informants could be gathered in one physical location to complete all three tasks in a half day. Informants could complete task 1 in twenty to thirty minutes or so, and analysts could have a culled list of one hundred products another thirty minutes after that. Informants could conduct the product-grouping task in another thirty minutes. Creation of 100 × 100 matrices from this data could be automated, as could the ensuing MDS and cluster analyses. The analyses would be speeded up substantially and the human effort restricted to interpretation of output. The product comparison task might require an hour of time, maybe more if the informants were asked to work in small groups to fashion product descriptions. At this point, the informants would be free to go, and the CAs would be left to create draft checklists on their own schedule. While this approach would probably be more expensive up front if honoraria were paid to the informants, the total costs could be much less as it would be more time efficient.
CONCLUSIONS
This article presented the PACT methodology and two example applications. Technically, the method worked as expected. The major weakness was in attracting informants to participate in the project. This may not be a problem in a market study context, where consumers are routinely paid for their participation, or in a social science context, where participants are not expected to be experts. Overall, the method appears capable of assisting any practitioner needing to collect information about complex objects whose characteristics change rapidly.
